Abstract-In this paper we are concerned with the optimal design of the production line of an industrial unit producing metal parts. We consider this problem in the framework of design and control of M=G=c ¤ queues (i.e. multiserver heterogeneous M=G=c queues). In order to optimise such a system, we study the effect of various design parameters, such as the number of servers and the allocation of desired service rate between the servers on the mean transit time. For this purpose, we use the analysis of variance of the data obtained through simulation of different M=G=c ¤ queues. We show that in order to minimise both mean and dispersion of parts transit time, the industrial unit should run its production line with two identical production facilities. Furthermore, we show that our recommendations reduces the parts mean transit time by at least 10%. In addition, we show that in M=G=c ¤ queueing systems, like any single server M=G=1 system, the mean transit time is an increasing function of the variance of the service time.
INTRODUCTION
The purpose of this paper is to design a new production line for the Mashhad Wheel manufacturing company (MWM). MWM is associated with Iran Khodro (IK), the largest car manufacturing company in Iran. MWM receives orders from IK to produce more than 70 different parts. In addition, MWM receives orders from other national and international rms.
The volume of orders has recently increased. Thence the MWM with its current production facilities is not able to satisfy the received orders. At present, there is no one single production facility with enough capacity to satisfy the orders. Therefore, the management considers a plan to extend its production facilities. In the light of the company's present policies, which do not allow the use of more than four production facilities, the management needs to know:
.1/ The minimum number of production facilities needed in order to satisfy the new level of orders. .2/ How the desired service rate should be divided between the production facilities in order to minimise the orders mean transit time. By considering the present level of orders, the new line's required throughput is estimated as ¹ D 1:0526, when the mean interarrival time of orders is the unit time. According to our analysis of the orders, the arrival process is Markovian and, due to the variability of orders, the distribution of parts processing time is taken to be general.
In this problem we are in fact concerned with the optimisation of an M=G=c ¤ queue (i.e. heterogeneous M=G=c queueing system in which the service rates of different servers are not necessarily identical). In other words, we want to optimise such a system with respect to the number of servers, c, and to the distribution of service rate between servers, V .S B /. It can be shown that the M=M=1 queue is always better with respect to the mean transit time, W s , than an M=M=2 queue with the same traf c intensity, ½, and that an M=M=2 is always better than two independent M=M=1 queues with the same service rate, but each getting one-half of the arrivals (Gross and Harris, 1985) . Now consider an M=M=c system with unknown c and ¹. Assume that there is a cost per server per unit service of C s and a cost of waiting per unit time for each customer of C w . Then the expected cost rate (expected costs per unit time) is given by
where L is the mean number of items in the system. Considering the optimal value of c, we see that as far as the rst term is concerned, it is independent of c for xed value of ½. Morse (1958) shows that for a given value of ½, increasing c increases L, so in order to minimise E[C] we would like c D 1. Thus the optimal c is c D 1. Stidham (1970) extends this system by relaxing the exponential assumptions on interarrival and service times and also considers non-linear cost functions. He shows that even for these relaxed assumptions, c D 1 is generally optimal. However, it may not always be possible to assign one server with the desired service rate ¹. So one has to assign more than one server whose total service rate equals the desired value of ¹. When we need to assign more than one server, then in order to optimise the system we should know how the system' s parameters affect the mean transit time. Medhi (1982) derives the probability density function of the waiting time for the M=M=c ¤ queues. But he does not mention the effect of the systems parameters on the mean transit time.
By reviewing the literature on the optimal control of queues, it seems that there is not much work done on the determination of system parameters in the nonMarkovian queues (e.g. see pp. 21-25 of (Kleinrock and Gail, 1996) ). This is mainly due to the fact that most M=G=c ¤ queues do not possess enough structure to
